Abstract
barriers, which are usually placed between the metal canister containing the radioactive waste and external concrete barriers, play a major role in radionuclide retention. The clay 49 minerals used tend to have low permeability and diffusivity, a high sorption capacity, and 50 strong buffering properties (Meunier et al., 1998; Landais, 2006; Itakura et al., 2010) .
51
Smectites (the main constituent of the bentonites) are generally considered to be the most 52 efficient of the clays used for this purpose due to their ability to undergo strain without 53 fracturing, their low hydraulic conductivity, high cation sorption capacity, and their ability 54 to expand and enter into close contact with both waste and rock (Pusch, 2006) . However, obtained at a frequency of 400.13 MHz using a typical π/2 pulse width of 4.5 μs and a delay 150 time of 5 s. 29 Si MAS NMR spectra were obtained at a frequency of 79.49 MHz using a 151 pulse width of 2.7 μs (π/2 pulse length = 8.1 μs) and a delay time between 60 and 600 s. tridymite (PDF 18-1170) and H 2 Si 2 O 5 (PDF 74-1548).
NMR spectroscopy (MAS NMR
).
170
The XRD pattern of pyrophyllite (Fig. 1a) Structural changes in the long-range order of the charged trioctahedral 2:1 234 phyllosilicates after hydrothermal treatment were analyzed by XRD ( Fig. 3 and 4 showed broader reflections than the other silicates, mainly due to its smaller particle size,
243
which causes a relative loss of long-range order, and probably due to a mixed hydration 244 state (Wheeler et al., 2005) .
245
In general, a complete absence of hkl reflections ( Fig. 3b and 4b Si MAS NMR spectra for both hectorites. These spectra were 272 deconvoluted into six contributions (see Table 3 ). The signals for both these samples , 1983) , which together contributed a total of 43.2% and 81.5%, respectively.
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The initial spectrum of Laponite ® ( (0Al) contribution was 27.1% and 5.8%, respectively).
393
The long-range order is lost in both cases, as observed by XRD. In addition, the degree of 394 crystallization of secondary products is more advanced in the Na-hectorite. Finally, the 
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(PDF 81-544), k=kaolinite (PDF 78-1996) , and, n=natrosilite (PDF 23-0529). 
